Reactions of anilidoimine magnesium n-butyl and calcium bis (trimethylsilyl) 
Introduction
The chemistry of metallated amidoborane derivatives and their role in the catalytic heterodehydrocoupling of B-H and N-H functionalities has been significantly extended during the last decade. Although driven by an initial consideration of ammonia borane, H3N.BH3 (AB), as a potential hydrogen storage material, 1 the metal-centred dehydrocoupling reactivity of primary and secondary organoamine derivatives (RH2N.BH3 and R2HN.BH3) has also impacted more broadly on other areas.
For example, studies of dimethylamineborane, Me2HN.BH3 (DMAB), alone have allowed the synthesis of novel B-N bonded polymeric materials and given rise to a plethora of new mechanistic information. 2 Although a majority of this attention has focussed on the use of redox-active mid-and late transition elements, 3 the synthesis and chemistry of amidoborane derivatives of the typical main group elements and d 0 transition metal species has also received significant consideration. 4 For s-block element derivatives, many of the B-H or N-H bond activation pathways open to redox active transition metals are inapplicable and the dehydrogenation of amine boranes must necessarily ensue by a sequence of heterolytic bond breaking and bond forming events. Initial reports demonstrated that the propensity toward hydrogen release of AB could be improved through replacement of a protonic hydrogen with a more electropositive alkaline earth (Ae) metal and the formation of metal amidoboranes, Ae(NH2BH3)2 (Ae = Mg, Ca, Sr). 5 These compounds exist as extended polymeric materials in the solid state, propagated through complex networks of primary metal to amide bonds and a multiplicity of secondary B-H···M and N-H···H-B hydrogen bonding interactions. 5 While the structures and properties of these derivatives are directly relevant to hydrogen release from AB, their study can provide only limited insight into the molecular processes at play during dehydrogenation. More of our understanding of the amine borane dehydrocoupling activity of the group 2 elements has, thus, been informed by the isolation of well-defined molecular derivatives and to this end a number of groups have turned their attention to the synthesis of magnesium and calcium derivatives of primary and secondary amine boranes.
Particularly prominent among these latter species are derivatives of -diketiminate ligands such as compounds 1 -3 (Scheme 1), 4d,o which display the common features of Ae···HB interactions but which are constrained to either mono-or di-nuclear constitutions by the presence of the sterically demanding spectator ligand. Under catalytic conditions, our own work has concentrated on the dehydrocoupling of secondary amine boranes, R2NH.BH3 (R = Me, {(CH2)2}2), by magnesium and calcium amidoborane derivatives such as 2 and 3. 'missing links' in our experimental understanding of group 2-centred amine borane dehydrogenation chemistry. In this contribution we describe our efforts to address these lacunae and provide our further observations with regard to the mechanism(s) of alkaline earth-promoted amine borane dehydrocoupling.
Results and Discussion

Synthesis of Anilidoimine derivatives:
The synthesis of the β-diketiminate-supported compounds 2.THF and 3 has previously been achieved by the direct reaction of DMAB with heteroleptic calcium bis(trimethylsilyl)amido and magnesium n-butyl precursors respectively. 4d Although some provisional 2 Ae = Sr, Ba) which function as stable pre-catalytic species for a wider range of multiple bond heterofunctionalisation and cross-coupling based catalyses. 7 To assess the suitability of this ligand system for the study of group 2-centred amine borane dehydrogenation we, thus, synthesised the previously unreported magnesium n-butyl derivative (4) from the reaction of n-Bu2Mg and the parent aniline-imine ligand precursor, and the calcium bis(trimethylsilyl)amide derivative (5) (Scheme 3).
Scheme 3:
Synthetic routes to the anilidoimine-supported magnesium and calcium derivatives, 6, 7 and
8.
In common with our previously reported attempts to synthesise magnesium derivatives of the dimethylamidoborane anion, 4d,e addition of a single molar equivalent of DMAB to a toluene solution of compound 4 at room temperature resulted in the consumption of approximately 50% of the magnesium n-butyl starting material to provide a new species (6) Tables 1 and 2 respectively.
Figure 1:
ORTEP representation of the solid-state structure of compound 6. Thermal ellipsoids set at 25% probability. Hydrogen atoms other than the boron-bound hydrides and 2,6-di-isopropylphenylaniline iso-propyl methyl carbon atoms are removed for clarity.
The solid-state structure of 6 is broadly analogous to that of compound 3, comprising a magnesium centre coordinated by the bidentate anilidoimine ligand and the nitrogen atom of the In contrast to this magnesium-centred reactivity, addition of an equimiolar quantity of DMAB to compound 5 resulted in smooth conversion to a new species characterised by a single quartet resonance in the 11 B NMR spectrum at δ = -12.4 ppm ( 1 JBH = 80 Hz). This resonance was readily assigned to the {BH3} unit of a new calcium dimethylamidoborane derivative (7) by comparison to the corresponding signal observed in the previously reported β-diketiminato calcium species, compound 2.THF ( = 11.5 ppm, 1 JBH = 86 Hz) (Scheme 3). 4d The solid-state structure of compound 7 was confirmed by a further single crystal X-ray diffraction analysis, the results of which are shown in Figure   2 with details of the analysis and selected bond length and angle data displayed in Tables 1 and 2 -7-respectively. Aside from the change in ancillary ligand, the solid-state structure of 7 is effectively analogous to that of the previously described compound 2.THF and merits no further detailed comment.
Figure 2:
ORTEP representation of the solid-state structure of compound 7. Thermal ellipsoids set at 25% probability. Hydrogen atoms other than the boron-bound hydrides and 2,6-di-isopropylphenylaniline iso-propyl methyl carbons are removed for clarity.
Although compound 7 formed cleanly with precise adherence to the necessary 1:1 DMAB:5 reaction stoichiometry, attempts to synthesise calcium species analogous to compound 6 by addition of two molar equivalents of DMAB to the bis(trimethylsilyl)amide precursor 5 were observed to result in protonation of the anilidoimine supporting ligand and the formation of toluene-insoluble material. A further reaction was, thus, attempted by careful heating of equimolar quantities of 7 and DMAB in d8-toluene at 30°C for ca. 16 hours. Although this procedure also resulted in protonation of approximately 25% of the anilidoimine ligand, the resultant 
Synthesis of -diketiminate derivatives:
In the light of the above noted issues of supporting ligand protonation we turned our attention to the previously reported -diketiminato calcium amidoborane derivative 2.THF, which has demonstrated its resistance to deleterious protonation by DMAB. Single crystals of compound 9 suitable for X-ray diffraction analysis were isolated from a concentrated toluene solution at -30°C. The resultant solid-state structure is shown in Figure 3 while details of the analysis and selected bond length and angle data are provided in Tables 1 and 2 . The structure of compound 9 is broadly analogous to that of its magnesium analogue (3) containing the identical moiety.
-9- -10-Scheme 6: Synthesis of compound 13.
In an attempt to improve the kinetic stability of such a -diketiminato magnesium dimethylamidoborane we turned our attention to Chisholm's recently described [HC{(t-Bu)CN(2,6-i-Pr2-C6H3)2}Mgn-Bu] (12) which utilises a tert-butyl substituted variant of the -diketiminate ligand to provide enhanced steric influence over the reactivity of the magnesium centre. 9 Reaction of compound 12 with an equimolar quantity of DMAB at room temperature in benzene provided a single new compound (13) which displayed a quartet resonance at  15.4 ( 1 JBH = 91 Hz) in its 11 B NMR spectrum (Scheme 6).
This value is comparable with the 11 B NMR chemical shifts (ca.  10 ppm) arising from compounds 2.THF and 7 and the solution data recorded for compound 10. 4d The identity of compound 13 as a magnesium dimethylamidoborane derivative was confirmed through an X-ray diffraction analysis performed on a single crystal isolated from the benzene reaction solvent. The results of this analysis are shown in Figure 4 with details of the analysis and selected bond length and angle data provided in Tables 1 and 2 respectively.
Figure 4:
ORTEP representation of the solid-state structure of compound 13. Thermal ellipsoids set at 25% probability. Hydrogen atoms other than the boron-bound hydrides and 2,6-di-isopropylphenylaniline iso-propyl methyl carbons are removed for clarity.
-11- hours in each case. The notable thermal stability of the calcium species 2.THF provides experimental corroboration of the earlier DFT study performed on this exact system, which indicated that our previously proposed -hydride elimination step was energetically unfeasible. 6 Although the barrier to -hydride elimination for a magnesium dimethylamidoborane derivative has been computed to be viable (20 kcal mol -1 ), this conclusion contradicts the notable thermal stability of compound 13, albeit the isolation of this latter species is dependent upon the enhanced steric protection provided by the tert- Their assessment of the calcium species 2.THF led Sicilia and co-workers to propose the alternative 'DMAB assisted' pathway summarised in Scheme 2, the natural consequence of which is not only the preclusion of any calcium hydride formation but also the production and catalytic relevance of calcium species such as compound 9 containing the [NMe2BH2NMe2BH3]  anion. 6 As described above, addition of an additional equivalent of DMAB to the -diketiminato or anilidoimine calcium thus, undertaken at 35°C to further elucidate the nature of this process. Although the increase in concentration of compound 9 could not be modelled by any simple 0, 1 st nor 2 nd order kinetic data plots, the consumption of DMAB, and that of its B-and N-deuterated analogues conformed to well behaved 2 nd order kinetics ( Figure 5 ). In the light of these observations, the notable thermal stability of compound 13 and its facile reactivity with DMAB, we infer that our initial suggestion of -hydride elimination with resultant group Figure 3 ).
Conclusions
On the basis of the empirical observations described above it is possible to delineate a number of modifications and refinements to the mechanism for amine borane dehydrocoupling shown in Scheme 1. Although these deductions relate solely to solution processes mediated by the alkaline earth elements magnesium and calcium we suggest that they may carry broader potential relevance to a range of related reactivities derived from other redox-inactive metal centres and to the solid-state decomposition of saline ammonia borane derivatives.
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Scheme 8: Proposed 'proton-assisted' pathway to alkaline earth mediated DMAB dehydrocoupling.
-15-
In disagreement with the computational deductions of Sicilia and co-workers, 6 we continue to advocate that the mechanism of DMAB dehydrocoupling ensues through a common mechanism for derivatives of both magnesium and calcium. (4) N ( 
